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Abstract

The research for the development of antibiotic efficiency against bacteria responsible for common infections is
considered of growing worldwide concern. Here, a facile and straight forward method for decorating nickel
hydroxide sheets with polypyrrole-silver nanocomposite (Ppy-Ag) was developed by the interfacial polymerization
of pyrrole monomer without using any reducing agent. The polypyrrole was used to facilitate the decoration and
stabilization of AgNPs on the surface of nickel hydroxide sheets (NH). NH was synthesized using emulsion
coprecipitation method. The thermal and morphological properties of the decorated NH have been investigated to
confirm the existence of the polypyrrole wrapped layer. Cellulose acetate butyrate (CAB) films were also
plasticized with polyvinyl pyrrolidone (PVP) in different mass ratios between PVP and CAB. The results showed
that CAB film with 20 wt.% PVP gave the optimal values in terms of mechanical properties. The decorated NH
were then added to CAB20 in various mass ratios (3, 6, 9 and 12%) achieving a very good compatibility and
forming well dispersed nanocomposites films. The antibacterial activity, water permeability, contact angle and
mechanical properties of the developed nanocomposite films were studied. The clear inhibition zone for the new
nanocomposite films against S. aureus and E. coli bacteria was recorded as 25.33 + 1 and 29 £ 1 mm, respectively.
Furthermore, the water vapour permeability for the novel CAB nanocomposite films was found 68.83 g/m2/day
achieving 29% reduction compared to the blank CAB20 (97.28g/m?/day). Additionally, the mechanical properties

were also significantly improved. The different materials were characterized using TGA, FTIR and SEM.
KEYWORDS: Nanocomposites; Nanostructures; dispersion; antibacterial activity; CAB films.

1. Introduction

Nowadays, a great attention is directed to the
renewable and biodegradable materials because the
products manufactured from  petroleum-based
polymers are single used materials and should be
disposed continuously from the environment in order

not to affect the health of surrounding living beings
because they can release toxic by-products.
Furthermore, there is a deplete in the fossil fuel used
to produce these polymers besides the cost effect [1-3].

Cellulose derivatives are considered one of the
most widely used biodegradable polymers. Further,
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cellulose acetate butyrate (CAB) is found to be the
most promising derivative of cellulose that can be used
in many industrial applications instead of the non-
biodegradable polymers from petroleum as it has
approximately the same desired properties. However,
CAB has high degree of brittleness that can restrict its
applications [4,5]. The toughness of CAB could be
improved using plasticizers such as PEG which are
materials that have the ability to reduce the hydrogen
bond interaction between the polymer chains [6].
Nickel hydroxide (NH) has garnered attention as a
component of polymer composite because of its
electrochemical properties [7]. It was previously
reported that NH nanosheets had the advantages of
better physicochemical properties and large specific
surface area [8]. Nevertheless, NH has to be efficiently
modified in order to achieve well dispersion in
polymer obtaining polymer nanocomposite with
improved mechanical properties. Meanwhile, most of
the biodegradable polymers reveals no antibacterial
activity which an issue guides the researchers and
industrial field to be directed to the preparation of
polymeric nanocomposites. Nanoparticles such as
copper nanoparticles (CuNPs), AgNPs are commonly
investigated as antibacterial nanomaterial for
biopolymers [[9-12]. But, the AgNPs are susceptible
to agglomerate results in the deterioration of the
nanoparticles properties. In order to solve this problem,
stabilizers should be used to decrease the surface
energy of the particles and hence the aggregation of
the AgNPs [13,14]. Various types of polymers have
been utilised to stabilize the silver nanoparticles such
as conducting polymers to find special applications
like sensors and electronic devices [15,16]. It is
pertinent to note that we have reported the
functionalization of different nanomaterials using
various methods [17-19]. Here, for the first time, a
facile, novel and one-pot route for the decoration of
nickel hydroxide sheets with polypyrrole silver
nanocomposite was developed by an interfacial
polymerization method. Ppy-Ag nanocomposite was
expected to be successfully anchored on the surface of
NH sheets. Then, nickel hydroxide-polypyrrole- silver
nanocomposites (NH-PPy-Ag) were mixed with PVP
plasticized CAB films to prepare novel antibacterial
nanocomposites films. NH and NH-PPy-Ag were
tested using FTIR, TGA and SEM to confirm the
decoration process. The antibacterial activity, the
water permeability, hydrophobicity and mechanical
properties of the new nanocomposite films were also
studied.
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2. Experimental

2.1. Materials

Nickel chloride (NiCly, anhydrous), sodium
dodecyl sulfate (SDS), ammonium hydroxide
(NH4OH), pyrrole, chloroform, silver nitrate and
toluene were obtained from Sigma-Aldrich, USA, and
were used for synthesis reactions as obtained without
any further purification. Cellulose acetate butyrate
(CAB), polyvinyl pyrrolidone (Average Mw
=1300000) were obtained from Sigma-Aldrich, USA.

2.2. Synthesis of Nickel Hydroxide nanosheets
(NH)

Nickel Hydroxide nanosheets was prepared based
on our previous method [20]. In the synthesis, in a
round bottom flask containing (100 mL) double
distilled water, (2.97 g) nickel chloride and (0.29 g)
SDS were dissolved and then magnetically stirred for
1 h. After that, 10 mL of 30 wt.% ammonia solution
was added and followed by refluxing for 4h. Finally,
the solution was left to cool at room temperature
forming a green colour precipitate from nickel
hydroxide. The precipitate was obtained by vacuum
filtration and washing with distilled water. The
product was dried at 70 °C until a constant weight.

2.3.  Synthesis  of
nanocomposites

NH nanosheets have been decorated with silver
nanoparticles using ultrasonication followed by
oxidative interfacial polymerization of pyrrole. For
synthesis, in a 25 ml beaker containing 0.575 g silver
nitrate dissolved in 25 ml DIW, 50 mg of as-prepared
NH was added, then the mixture was exposed to
ultrasonication using ultrasonic with probe (model:
sonosmasher) with the output power set at 50% for 30
min to produce a green homogenous dispersion which
is considered the water phase. In another beaker, 0.125
ml of pyrrole was dissolved in 12.5 ml toluene to form
the organic phase which was then added to the water
phase dropwise. Finally, the mixture was exposed to
magnetic stirring for 22 h. For making comparison,
Ppy-Ag nanocomposite was also synthesized similar
to the same method for NH-Ppy-Ag nanocomposite
synthesis without the addition of NH.

NH-Ppy-Ag  ternary

2.4. Preparation of PVP plasticized CAB films

The CAB solutions were synthesized by dispersing
a predetermined amount of CAB powder into 15 ml
chloroform. After that, the plasticized CAB films were
fabricated by dissolving of PVP in the CAB solution
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with different mass ratios and then were stirred for 3 h
at room temperature. The resultant solutions were then
poured into a petri plate. The thin CAB films were
obtained after the solvent was slowly evaporated at
50 °C. The sample compositions were shown in Table
1.

Table 1. The composition of CAB films.

Sample CAB PVP NH-Ppy- Ppy-Ag

Name (Wt%)  (wi%) Ag (Wi%)  (wi%)
CAB 100 0 0 0
CABy 90 10 0 0
CABy 80 20 0 0
CABz 70 30 0 0
CAB2Ags 80 20 3 3
CAB20N3 80 20 3 0
CAB20Ns 80 20 6 0
CAB20Ng 80 20 9 0
CABxN1, 80 20 12 0

2.4, Preparation of
nanocomposite films

The CAB nanocomposites were fabricated using
solution blending method. The PVP (20 wt.%) was
mixed into a previously prepared CAB solutions. A
preweighted amounts of NH-PPy-Ag (3, 6, 9 and 12
wt%) were dispersed into 20 ml chloroform using
sonication for 10min to form a homogenous
suspension which was then added to the former
PVP/CAB solutions with vigorous stirring for 3h to
form CAB nanocomposites suspensions. Next, the
resultant black dispersions were then poured into glass
petri plate and placed in an oven at 50 °C for the slow
evaporation of the solvent to form CAB
nanocomposite films.

NH-Ppy-Ag/CAB

2.5. Characterization

Fourier transform infrared spectroscopy (FTIR) for
NH and NH-Ppy-Ag was done using a FTIR
spectrometer with the model: iS10, Nicolet Nexus,
Minnesota. Meanwhile, the thermal analysis was
conducted on SCINCO (TGA 1000) series thermal
analyser with the conditions (heating rate (10 °C/min),
from 25 to 600 °C, N, gas with flow rate 30 ml/min.
Morphology studies were investigated using an
emission scanning electron microscope (Mini-SEM
SNE-4500M). A carbon disk was used to carry the
sample using double-sided adhesive tape. The
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mechanical properties of the CAB films were
determined using universal testing machine
(Shimadzu/AG-500 KNG, Tokyo, Japan) where the
films with a thickness 0.2 + 0.05 mm were cut off into
samples with length (20£0.2mm) and width
(5% 0.2 mm). For the measurements, three samples
were measured seperately.

For obtaining water vapor permeability (WVP)
values, the standard BS 7209-1990 was used [21]. In
detail, 46 mL DIW was added in a petri dish with
diameter 80 mm at a temperature 20+ 2 °C and was
enveloped with different CAB films. After that, the
initial mass of the dishes was obtained. After, the
dishes were put on a turntable for 24 h, they were re-
weighed to have the final mass. WVP is calculated in
g/m?/day by using following equation:

WVP = 24M
At

where M refers to the mass loss of the assembled
dish in g, tistime in h and A is the film exposed area.

Water  static  contact angles of CAB
nanocomposites were evaluated using SEO Phoenix
300 touch contact angle analyser. Antibacterial
activity of the CAB films was investigated using agar
well-diffusion method [22] against Gram-positive
bacteria (S. aureus) and Gram-negative bacterium (E.
coli) where, CAB nanocomposites films were silted
into small discs with diameter (9 mm), and then were
put into Mueller Hinton agar plates with bacteria of
colony concentration 10°-10% CFU/mL. Then, the
plates were incubated at temperature 37 °C for 24 h.
The bacterial growth inhibition zone diameter was
used to determine the inhibition zones for the CAB
films. For the statistical analysis, thee values were
used.

Experimental data were statistically analyzed by
analysis of variance (ANOVA) for three independent
triplicates which were averaged and expressed as the
mean + standard error.

3. Results and discussion

3.1. Novel Synthesis of NH-Ppy-Ag Nancomposite
The decoration process of nickel hydroxide sheets

with Ppy-Ag was easily developed by the interfacial

polymerization of pyrrole monomer using silver nitrate as

shown in scheme 1. The polypyrrole was used to facilitate
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the deposition and stabilization of AgNPs on the surface
of nickel hydroxide sheets (NH). Silver nitrate acts as an
oxidizing agent for the pyrrole monomer. Nickel
hydroxide in the form of nanosheets was firstly
synthesized through emulsion coprecipitation method
using sodium dodecyl sulfate (SDS) as an anionic
surfactant and as a structure-directing agent based on our
previous method [20]. For the preparation of NH-Ppy-Ag
nancomposite, NH and AgNO; were dispersed in the
aqueous phase and pyrrole was dissolved in toluene to
form the organic phase for conducting the interfacial
polymerization of polypyrrole. It was clearly found that
Ppy-Ag nanocomposite was uniformly formed on the
surface of NH nanosheets. The sulfate group from the NH
preparation process and the oxygen-containing hydroxyl
groups of NH acting as anchor sites, which can lead to the
easily decoration of NH with AgNPs. Here, the interfacial
polymerization method reveals a controllable and slow
reaction compared to the conventional polymerization

methods[23].
\ NIC'Z NH; solution/
AN / Stining 100°Cidh D Drying
— »\ — —
™
SDs )

Ni{OH), nanosheets solution

AgNO

Pymole/ Tu\uaﬂe

B

Silver decorated Ni{OH), nanosheets
Ni(GH); / AGNO; DM

Scheme 1. Schematic synthesis of NH-PPy-Ag by

interfacial polymerization method.

3.2. Characterization of developed NH-Ppy-Ag

The structures of NH, Ppy-Ag and NH-Ppy-Ag
have been clearly investigated using IR spectroscopy.
Fig. 1a shows the FTIR spectrum of the prepared pure
NH where the sharp peak detected at 3647 cm™ was
attributed to the -OH groups stretching. Furthermore,
the peaks seen at 2918 and 2852 c¢cm™* were assigned
for the symmetrical and asymmetrical stretching
absorption CH; of SDS, respectively. Moreover, the
peak seen at 1062 cm™ is for the symmetrical
stretching absorption SO, due to the SO3H functional
group of the SDS [20].
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Fig. 1b shows the characteristic absorption peaks of
Ppy-Ag. The vibrations found at 1544 and 1465 cm™
represented the symmetric and antisymmetric pyrrole
ring. The absorption peaks at 1307 and 1202 cm™
related to in plane = CH and C-N stretching bands
representing the oxidized and doped PPy, respectively.
The sharp absorption peak observed at 1385cm™
corresponds to the presence of nitrate ion as dopant or
counter ion helps in charge neutralization of the
polymer backbone [24]. Furthermore, the peak sited at
3457 cm™ may be attributed to NH stretching of the
Ppy [25]. The characteristic peaks presented at 780
and 933 cm™ might be for the C-H and C-C out of
plane deformations. On the other hand, all
characteristic peaks for Ppy-Ag nanocomposite and
pure NH were clearly found in the same positions in
NH-Ppy-Ag nanocomposite (Fig. 1c). Interestingly,
there is a slight shift in the peaks observed at 1183, 932
and 796 cm™in case of NH-Ppy-Ag nanocomposite
compared to the Ppy-Ag nanocomposite peaks. This
might be indicating the strong supramolecular
interactions between the NH and Ppy-Ag
nanocomposite, leading to the successful synthesis of
NH-Ppy-Ag nanocomposite.

Transmittance (%)

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wave Number (cm™)

Fig. 1. FTIR spectra of NH (a), NH-Ppy-Ag (b) and
Ppy-Ag (c).

Furthermore, the TGA curve for Ppy-Ag was found
in Fig. 2b where the thermal analysis involves two
steps, the first step was below 200 °C related to the
evolution water vapour adsorbed on the polymer
surface and the second peak involves weight loss
between 200 and 560 °C corresponds to the thermal
breaking of Ppy leaving a char yield of 66.4% [26]. On
the other hand, NH-Ppy-Ag nanocomposite shows
three decomposition peaks (Fig. 2c). The first step
with mass loss 4% is from the moisture loss. The
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second peak observed in the range 260 and 390 °C
with weight loss~7% due to the decomposition of SDS
and the hydroxyl group of NH [20]. The
decomposition of Ppy was shown on the third peak
with temperature range from 400°C and to 570 °C with
sharp mass loss (~19%) revealing the formation of
NH-Ppy-Ag nanocomposite. Furthermore, from the
TGA results, NH-Ppy-Ag nanocomposite had higher
char yield (70%) compared to Ppy-Ag nanocomposite
(66.7%) showed better thermal stability from the
existence of nickel hydroxide nanosheets in the
nanocomposite.

100

95

90

85

@

Weight Loss (%)

70 4 (c)
(b)

T T T T T
100 200 300 400 500 600
Temperature (°C)

Fig. 2. TGA curve of NH (a), Ppy-Ag (b) and NH-

Fig. 3. SEM images of NH (a) and NH-Ppy-Ag (b).
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The surface morphology of Ni(OH), and NH-Ppy-
Ag was investigated using SEM as depicted in Fig. 3.
where NH reveals a well uniform nanosheet loosely
packed structure (Fig. 3a) in diameter approximately
300 nm in agreement with our previous report [20].
Also, to measure the size of NH sheets, DLS
experiment is conducted and was found as inset in Fig.
3. where the range of particles size from 106-277 nm
as it was also found from SEM analysis. On the other
hand, Fig. 3b shows SEM image of NH-PPy-Ag
nanocomposite displayed the growth and wrapping of
polypyrrole nanoparticles on the surface of NH giving
nanocomposite with irregular shape and an increase in
the overall diameter of NH sheets after the
functionalization process of their surface. This
confirms the successful modification of NH sheets
with polypyrrole polymer and hence the decoration
with AgNPs emphasizing the synthesis of NH-Ppy-Ag
nanocomposite.

3.2. Characterization of CAB nanocomposites films

The nanocomposites films of CAB with different
NH-Ppy-Ag were synthesized using solution mixing
method in chloroform as a solvent. SEM technique
was used to check the surface morphology of the CAB
nanocomposite film. Fig. 4a shows the surface
scanning of pure CABz which is very smooth.
Meanwhile, Fig. 4b reveals the dispersion of NH-Ppy-
Ag in CAB which are well uniformly dispersed in
CAB polymer forming CAB-NH-Ppy-Ag
nanocomposite as pointed by arrows. It can be found
that the hydrogen bonding interaction between NH-
Ppy-Ag and the polymer is the main cause for the good
compatibility and well dispersion resulting in a
stronger interfacial adhesion.

Thermal behaviour for CAB films were
investigated using TGA and surfaced in Fig. 5. The
TGA curve of pure CAB film was manifested in Fig.
5a which shows one decomposition step with a
temperature range 275-410 °C leaving chare yield =
2.5% attributing to the breaking of CAB polymer
chains [27]. It can be also found that the addition of
PVP in CAB with 20 wt.% improves the thermal
stability of CAB (Fig. 5b) as it delays the temperature
required for 50% weight loss from 358 to 370 °C with
much more char yield (9.34%). This is due to the
strong interactions as a result of the formed hydrogen
bonding between CAB and PVP molecules. On the
other hand, when mixing NH-Ppy-Ag nanosheets to
CAB polymer in different mass ratios, the temperature
for 50% weight loss increases from 358°C to 360,
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362.5, 367 and 370°C with the mass loading 3,6,9,12%
respectively, compared to the virgin CAB.
Interestingly, the char yield also increases from 2.5 to
14 % with increasing the mass loading (CAB2oN12).
This is might be due to the well dispersion of NH-Ppy-
Ag in CAB helps in enhancing the charring tendency
for the polymer. Moreover, prior research has
thoroughly investigated that poly pyrrole chain
containing nitrogen species can act as an efficient char
forming agent resulting in forming a strong char
barrier protects polymer nanocomposites from
excessive decomposition [28].

Fig. 4. SEM images of blank CAB (a) and CAB2oN3
nanocomposite film (b).
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Fig.5. TGA curve of CAB (a), CAB2 (b), CAB2oN3 (¢),
CABzoNe (d), CABzoNg (e) and CABzoN12 (f)

Plasticizer is a material that has the ability to
decrease the polymer brittleness by improving the
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elongation at break [29]. The pure CAB is found to be
brittle in nature [6]. In this study, PVP acts as a
plasticizer for obtaining flexible CAB films. Table 2
provides the mechanical properties of CAB films
mixed with PVP polymer in different mass ratios. As
can be seen from the table, the tensile strength is found
to be in inversely proportion with the elongation.
Moreover, when increasing the plasticizer mass ratios
in CAB films up to 20 wt.%, the elongation at break
(%) is significantly increases from 10.12 to 64.75%
and the tensile strength decreases from 30 to 27.45
MPa in a relation with the pure CAB. However, in case
of 30 wt.% mass ratios, the rate of increase is less. It
was stated that the plasticizer with 20wt.% can reach
its maximum effect into CAB films [6]. On the other
hand, the rate of decrease for the tensile strength is
remarkedly beyond 20 wt% loading of PVP.
Consequently, CAB3owas chosen for the fabrication of
CAB nanocomposites films filled with NH-PPy-Ag in
different mass ratios.

Additionally, the overall essential aim of adding a
small amount of decorated NH sheets into CAB
polymer is to improve its mechanical properties. This
enhancement in mechanical properties may be because
of the stronger interfacial interaction between NH-
Ppy-Ag and the matrix CAB, which comes from two
factors, the hydrogen bonds found between the
polypyrrole wrapped nickel hydroxide sheets and
CAB in addition the better dispersion of these
nanosheets in the polymer matrix. In order to prove
this hypothesis, we studied the typical stress—strain
curves, tensile strength and elongation at break for
CAB and NH-PPy-Ag/CAB nanocomposite which are
depicted in Fig. 6,7.

Table 2. Mechanical properties of CAB Films and
their nanocomposites.

Sample Tensile  Elongation at
Coc?e CAB/PVP  strength break
(MPa) (%)
+
CAB 100:0 30.00% 10.12 £ 0.90
1.20
28.70 +
. +
CAByp  90:10 4.95 16.78 £ 3.14
27.45 +
. +
CABy  80:20 339 64.75 £ 2.62
27.00 +
. +
CAB3  70:30 0.50 68.50 £ 4.50
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Fig. 6. Stress—strain curve of CAB (a), CABxN3 (b),
CAB20Ng (C), CAB20Ng (d) and CAB2N12 (e)

It can be obviously derived from the stress vs strain
curve shown in Fig. 6, the tensile strength and %
elongation at break, respectively (Fig. 7). It can be
apparently seen from Fig. 7a that when decorated NH
sheets were incorporated into CAB with mass loading
3, 6, 9 and 12% results in a significant increase of the
tensile strength of CAB from 30 to 31.8, 35.6,41.4 and
42.5 consecutively achieving an increase 41% for
CAB20N12 nanocomposite film compared to the pure
CAB. This may be related to the increase of the extent
of hydrogen bonding between NH-Ppy-Ag and CAB,
as mentioned earlier. Consequently, NH-Ppy-Ag has a
reinforcing effect when incorporating in the
nanocomposites. This fact was previously stated for
various hanocomposites prepared from different
polymers and polymer blends [30-32].

In the same time, the elongation at break (%) of the
virgin CAB increases when mixed with PVP as
plasticizer and decorated NH. However, for the CAB
nanocomposites, it decreases from 53.39 to 26.1, 22.8
and 18.46 % with increasing the mass loading of NH-
PPy-Ag filler from 3% to 6, 9 and 12% respectively
(Fig.7) which is due to the reinforcing action of NH-
Ppy-Ag in CAB films causing the restriction of the
polymer chains mobility.

It is necessary to study the effect of NH-PPy-Ag on
the water vapour permeability (WVP) of CAB films.
WVP measures and adjusts the flow of water
molecules through films to the surrounding
environment. Thus, WVP has to be diminished as
possible to protect the products from the dehydration
[33]. WVP for CAB nanocomosites films were tested
and the results are revealed in Table 4. As it can be
found from Table 4, the WVP of CABy was
97 g/m?/day which decreases to 85.58, 83.85, 74.33
and 68.83 g/m?/day, respectively with the addition of
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the mass ratios 3, 6, 9, 12% of NH-PPy-Ag into CAB2o
film achieving maximum decrease of 30%. Thus, the
existence of decorated NH into the polymer matrix can
form a sinuous way that decreases the passage of water
vapor across the film.

(@ cAB N, CABN

20 12
40 4
CAB,N,
CAB,N,
30
CAB
20
104
04
3 6 9

NH-Ppy-Ag wt.%0

() CAB,N,

Tensile Strength(MPa)

50 4
401

30 +
CAB,N,
CAB,N,

20 CAB,N,,
104 CAB
0 _J
3 6 9

NH-Ppy-Ag wt.%

Fig.7. Tensile strength (a), and elongation at break
(b) of pure CAB and their different nanocomposites.

Elongation at break (%)

Table 3. Water vapor permeability of CAB
films and their nanocomposites.

Sample Code Wat‘z\';v\\//alzf’)o[rgfrﬁ';/rgg?/;)i|ity
CABz 97.28
CAB2oNs 85.58
CAB2oNs 83.85
CAB2oNs 74.33
CABaoN1 68.83
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The surface energy of CAB films was evaluated
using the values of contact angle measurements which
gives information about essential properties like
wettability and adhesion. This method can be used to
estimate the interfacial and surface free energy.
Furthermore, the wetting parameter can find a great
interest in different industrial applications, such as
coating, lubrication, oil recovery, and printing [34].
For this test, a sessile drop method was performed
where contact angle was calculated from the angle
tangent between the substrate surface and one water
droplet at room temperature. From the results in Table
4, it can be noticed that the hydrophilicity of CAB
films decreased with the addition of different mass
loading of NH-Ppy-Ag. The blend between CAB and
PVP manifests high hydrophilicity and reactivity with
water because of existence of hydroxyl groups and
carbonyl groups in their structure and can interact with
water via hydrogen bonding results in an increase in
the hydrophilicity and the solubility in water.
Meanwhile, in case of using NH-Ppy-Ag as fillers for
CAB film, the hydrogen bonding was found between
the hydroxyl groups of CAB/PVP film and the
functional groups of NH-Ppy-Ag lowering the chance
of occurring hydrogen bonding between the polymer
and water molecules. Consequently, the hydrophilicity
of CAB film decreased with increasing the mass ratios
of NH-Ppy-Ag [35].

Two bacteria strains comprising E. coli and S.
aureus have been chosen for conducting antibacterial
tests because they are usually the main reason for all
the  medical-associated infections [34]. The
antibacterial activity of different CAB
nanocomposites against E. coli and S. aureus was
investigated using the disc diffusion method as shown
in Fig. 8 and the diameters of zone of inhibition were
measured as depicted in Table 5.

Table 4. Contact angle values of CAB films and
their different nanocomposites

Sample Contact angle (6)
Code
CAByo 41.8
CABxN; 57.6
CAB2oNs 724
CAB2oNg 758
CABoN1 75.6
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Table 5. Antibacterial properties of the CAB films
using agar well-diffusion method.

S. aureus E. coli
Sample Code O
Inhibition Zone (mm)
CAB 0 0
20
CAB_ Ag 0 0
20 3
CABZON3 13.3+0.57 17.3+0.57
CABZON6 18.3+0.57 200+1.0
CABZON9 22.3+1.0 25.3+0.57
CAB N 25.3+1.0 29.0+1.0
20 12

It can be clearly observed from the result, that
CABy film does not have an antimicrobial activity
against two strains. Nevertheless, the CAB
nanocomposites films with various NH-Ag-Ppy mass
ratios considerably diminish the growth of two types
of bacteria in nutrient agar plates (Fig. 8). Moreover,
it is obviously seen that with commingling the mass
ratios of 3, 6, 9 and 12 wt.% of NH-PPy-Ag with
CAB polymer, the zone inhibitions are recorded 13.3,
18.3, 22.3 and 25.3 mm against S. aureus and 17.3,
20.0, 25.3 and 29.0 mm against E. coli, respectively
revealing the remarkable increase of the inhibition
zone and the strong effect against the bacteria growth.
Interestingly, when adding mass ratio 3wt.% of Ag-
Ppy in CAB2 gives nanocomposite which shows no
effect against the bacteria growth, even the
nanocomposite contains silver nanoparticles. These
results show the successive decoration process of
nickel hydroxide sheets with silver nanoparticles and
its significant impact on the bacteria growth. It is also
pertinent to note that E. coli reveals a larger zone of
inhibition compared to S. aureus. The variance in the
inhibition zone diameter may be attributed to the
susceptibility of bacteria against to the prepared
CAB/NH-Ppy-Ag nanocomposite films. Therefore, it
can be concluded from the present study that NH-Ppy-
Ag nanocomposite show an efficient antibacterial
activity against both Gram negative and positive
bacteria and can be used in biomedical applications. It
is noteworthy to note that our NH-Ppy-Ag/ CAB
nanocomposite can be used as sensors for the detection
of analytes due to the excellent electric properties of
nickel hydroxide and poly pyrrole [36].
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Fig. 8. Photograph of antimicrobial test results of
CAB2y, CAB2Ags and their different nanocomposite
films against S.aureus and E.coli.

4, Conclusion

A facile and one pot method for the decoration of
NH and forming the NH-PPy-Ag ternary
nanocomposite has been successfully developed. The
PPy-Ag was clearly deposited on NH sheets. The
existence of pyrrole plays a vital role in the decoration
process as its polymerization help in the formation of
AgNPs on the surface of NH sheets. CAB films were
successfully plasticized with PVP revealing that 20wt.%
PVP has the best mechanical properties. NH-PPy-Ag
were then used as fillers with CAB films in different
mass ratios achieving a very good compatibility and
forming well dispersed nanocomposites films. The
antibacterial activity, the water permeability and
mechanical properties of the new nanocomposites
films were investigated. The clear inhibition zone for
the new developed nanocomposite films against
staphylococcus aureus bacteria and Escherichia coli
was recorded as 25.33 £ 1 and 29 £ 1mm (CAB2N12
Nanocomposite), respectively. Furthermore, the water
vapour permeability for the novel CAB
nanocomposite films was found 68.83g/m?/day
achieving reduction 29% compared to the blank
CABy (97.28g/m?/day). The mechanical properties
were also markedly improved as the tensile strength
shows an increase 41% for CAB2N12 nanocomposite
film compared to the pure CAB. It can be concluded
also from contact angle measurements that NH-PPy-
Ag decreases the hydrophilicity of CAB film by
lowering the hydrogen bonding with water molecules.
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